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ABSTRACT
Background: Pediatric injuries of the proximal
tibial metaphysis associated with trampoline use
are concerning, as they have been reported to
spontaneously progress into valgus deformity. The
aim of this study was to perform a systematic review
of outcomes following fractures of the proximal
tibial metaphysis that occur as the result of jumping,
particularly on trampolines or inflatable structures,
and to assess the incidence of progression to valgus
deformity of the proximal tibia. It is hypothesized that
this specific mechanism of injury does not result in any
future deformity of the tibia.
Methods: A duplicate, independent, and
systematic search of Embase, MEDLINE, and Web
of Science databases was conducted according to
Revised Assessment of Multiple Systematic Reviews
(R-AMSTAR) guidelines and reported according to
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.
Results: Seven studies met inclusion criteria, which
totaled 87 patients with an age range of 2.0 years to
6.0 years, and a follow-up period ranging from 7.7
months to 36 months. In all studies, fractures occurred
while bouncing with other individuals. Fractures were
transverse and non-displaced in 71.0% to 100.0% and
86.0% to 100.0% of patients, respectively. Tubercle
notch scooping and anterior tilting of the proximal
tibial epiphyseal plate were common radiographic
findings, observed in 49.0% to 100.0% of patients. No
initial coronal deformity was reported. All patients
were treated with above-knee cast immobilization with
satisfactory fracture healing. No patients went on to
develop leg-length discrepancy or tibial deformity in
coronal or sagittal planes at final follow-up.
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Conclusions: Trampoline fractures most commonly
occur in patients 2 years to 6 years of age, and are
typically the result of two or more individuals using a
trampoline simultaneously. Fractures are transverse,
non-displaced, without medial gapping and can be
identified by tubercle notch scooping and/or anterior
tilting of the epiphyseal plate. Diagnosis can be made
without the need for advanced imaging techniques.
There has been no documented case of progression into
valgus deformity or leg-length discrepancy in patients
with characteristic trampoline fractures.
Keywords: Tibia; Knee; Child; Pediatric; Fracture;
Trampoline

INTRODUCTION
Childhood use of trampolines, particularly at trampoline
parks, has increased more than six-fold from 2011 to
2016.1 Accordingly, trampoline-related injuries are
becoming more prevalent.2 When a trampoline-related
fracture of the proximal tibial metaphysis is sustained
without an obvious fall or direct tibial blow, it is often
described as a “trampoline fracture.”3,4 Fractures of
this nature account for 10.0% to 36.0% of all fractures
sustained during trampoline use.1,2,5 A trampoline
fracture likely occurs when two or more children are
jumping in tandem; as a recoiling mat propels a heavier
child upwards, energy is transferred from contracting
springs to the descending lighter child, imparting a
sudden axial load on the lighter child’s tibia.3,6 Since
it is soft, immature bone is less resistant to axial
loading, and a trampoline fracture may occur. (Figure
1).6 Trampoline fracture presentations can often be
radiographically subtle with nearly 25.0% of these
injuries missed on initial presentation.6

Figure 1. Force diagram of proposed trampoline fracture
mechanism. Upward force produced by recoiling
trampoline springs as larger child travels upwards.
Downward arrow represents force of gravity on smaller
child. Note the mild knee hyperextension producing
failure primarily at the anterior cortex.
Fractures of the proximal tibial metaphysis are
concerning, because up to half spontaneously progress
into significant valgus deformity, coined ‘Cozen’s
phenomenon.’7,8 This deformity may arise despite
adequate initial alignment.9 Eventual remodeling has
been documented in many cases of post-traumatic
tibial valgus deformity. Although to achieve this,
operative management has been described by several
authors.10-12 This deformity can be highly distressing
to both patients and parents, and can lead to leglength discrepancy and earlier onset knee arthritis.13-16
Despite a described risk of spontaneous post-traumatic
tibial valgus deformity as high as 50.0%, there exists
no consensus in the literature regarding trampoline
use and the risk of developing this complication.17
Therefore, the purpose of this systematic review was
to: (1) describe how “trampoline fractures” typically
present; (2) identify typical radiographic findings
associated with injury and discuss the role for advanced
imaging; (3) identify the risk of post-traumatic
deformity or leg-length discrepancy in this population.
It is hypothesized that this specific mechanism of injury
does not result in any future deformity of the tibia.

METHODS
Search Strategy
This review was conducted and reported according to
Assessing the Methodological Quality of Systematic
Reviews (AMSTAR) and PRISMA guidelines,
respectively.18,19 Three indexes, Embase, MEDLINE,
and Web of Science, were searched from database
inception to April 2022. In addition, the references
of included studies were hand-searched. The search
strategy for trampoline-related fractures of the
proximal tibial metaphysis included the following
keywords: “pediatric,” “tibia,” “fracture,” “deformity,”
and “Cozen.” All studies that described patients with
Cozen’s phenomenon were included in full-text review
for thoroughness. The research question, inclusion
criteria, and data extraction tables were established
a priori.

Figure 2. PRISMA diagram of screening process.
The following inclusion criteria were used: (1) any
level of evidence; (2) studies published in English;
(3) including patients with fractures of the proximal
tibial metaphysis directly resulting from jumping
or trampoline/inflatable-bouncer use; (4) studies
reporting outcomes following fracture healing.
Patients were excluded if their injury resulted from
direct trauma (e.g. impact to the tibia from another
individual or trampoline frame), a fall from height (e.g.
off of trampoline), or if the mechanism of injury was
not adequately described. Studies were excluded if
they did not report outcomes related to presentation,
radiographic outcomes, or clinical outcomes (i.e.
satisfactory fracture healing or lack thereof).
Study Screening
Two reviewers independently screened titles, abstracts,
and the full text of all studies (Figure 2). Disagreements
during the title and abstract review were resolved by
automatic inclusion, while disagreements during full
text review were resolved by consultation with a senior
reviewer.
Assessment of Quality of Included Studies
Quality of included studies was assessed using the
Methodological Index for Non-Randomized Studies
(MINORS) Criteria.20 MINORS is a reliable, validated
tool used to assess methodology in studies that use
both comparative and non-comparative designs. Each
criterion is assigned a score of 2, 1, or 0; the maximum
value for non-comparative and comparative studies is
16 and 24, respectively.
Data Abstraction and Statistical Analysis
Relevant information, including author and year
of publication, sample size, study design, patient
demographics (age, sex, etc.), radiographic fracture
features, and follow-up outcomes was abstracted in
duplicate and recorded in a Microsoft Excel spreadsheet
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Table 1. Minors criteria total score for included studies
MINORS Criteria

Arkink

Boyer

Bruyeer

Kakel

Klimek

Stranzinger

Jeong

Total

5.5

4.5

5.5

7.5

6

17.5

14

Table 2. Patient Demographics
Author

Level of
Evidence

N

Female
(%)

Patient Age
(mean; years)

Jumping with other(s)
at time of injury (%)

Follow-up
(mean; months)

Arkink et al.21

IV

1

100

6

1 (100)

12

Boyer et al.3

IV

7

NR

3.9

7 (100)

36

NR

NR

2.5

Bruyeer et al.4

IV

3

0

22

Jeong et al.

III

40

62.5

3.33

40 (100)

18

Kakel et al.23

IV

6

NR

4.33

6 (100)

7.71

Klimek et al.2

IV

5

NR

2-5

5 (100)

NR

Stranzinger et al.24

III

25

64

2-5

NR

NR

NR; not reported. N; number of patients with trampoline fractures. Percentages are reported in brackets. Arkink et al.
reported a case of bilateral fractures. Kakel et al. describes six patients with seven fractures.

designed a priori. Where appropriate, descriptive
statistics are presented. Data are presented as ranges
to avoid pooling of low-quality evidence. Meta-analysis
was not performed.

RESULTS
Study Characteristics and Reviewer Agreement
The initial search yielded 1,749 studies across the three
databases after duplicate removal, seven of which met
criteria for inclusion herein: one case report, three case
series, one cross-sectional study, and two retrospective
cohort studies.2-4,21-24 The average MINORS score for
included studies was 4.8 out of 16 for the five noncomparative studies and 15.75 out of 24 for the two
comparative studies (Table 1).
Clinical Findings
Eighty-seven patients with 89 total fractures have been
reported. Mean patient age at the time of fracture
ranged from 2.0 years to 6.0 years, and follow-up
ranged between 7.7 months to 36 months (Table 2).
Three studies representing 33 patients did not specify
follow-up duration beyond a qualitative description of
normal clinical follow-up. In the largest included study,
(n=40) 62.5% of patients were female. In six of the
seven studies, and confirmed in all but one patient in
the seventh study, fractures occurred as the result of
trampoline use with no fall from height or direct trauma.
All patients experienced this characteristic fracture
while bouncing with one or more additional individuals
on the trampoline. The presentation in every child was
knee pain during the trampoline session and difficulty
or refusal to weight bear immediately thereafter and
upon arrival to hospital.
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Figure 3. Diagrammatic representation of common
radiographic features of trampoline fractures: (left)
anteroposterior radiograph depicting a non-displaced
transverse fracture without varus or valgus angulation;
(middle) normal lateral radiograph; (right) anterior
tilting of physis with tubercle notch scooping.
All of the included patients were assessed with
anteroposterior and lateral view radiographs.
Trampoline fractures were transverse and non-displaced
in 71.0% to 100.0% and 86.0% to 100.0% of patients,
respectively (Figure 3). Overt extension deformity
was demonstrated in 0.0% to 14.0% of patients, and
was the only angular deformity present in any study.
Abnormal tubercle notch scooping and anterior tilting
of the proximal tibial epiphyseal plate were seen on
lateral radiographs in 49.0% to 100.0% of patients with
trampoline fractures (Table 3). Of note, one patient
demonstrated a disruption of the posterior proximal
tibial cortex.21 In one study, the injury was missed on
initial radiographs in 25.0% of patients. There were no
described cases requiring advanced imaging techniques
for diagnosis.
No trampoline fracture was associated with an
ipsilateral fibula fracture. None of the included

Table 3. Reported radiographic characteristics of trampoline fractures
N

Transverse

Nondisplaced

Mild extension
deformity

Tubercle notch
scooping

Anterior
epiphyseal tilt

Anterior Cortical
Buckling

Arkink et al.21

2

2 (100)

2 (100)

0 (0)

NR

NR

2 (100)

Boyer et al.

7

5 (71)

6 (86)

1 (14)

NR

NR

1 (14)

Bruyeer et al.4

3

NR

3 (100)

0 (0)

2 (67)

2 (67)

3 (100)

Jeong et al.22

40

NR

NR

NR

19 (49)

NR

18 (46)

7

7 (100)

6 (86)

1 (14)

7 (100)

NR

NR

NR

NR

“Most patients”

“Most patients”

1 (4)

22 (88)

25 (100)

23 (92)

Author

3

Kakel et al.

23

Klimek et al.2

5

NR

“Most
patients”

Stranzinger et al.24

25

NR

25 (100)

NR; not reported. N; number of patients with trampoline fractures. Percentages are reported in brackets. One study did not report numerical
values and thus direct quotations regarding the characteristic are reported in quotations. Arkink et al. reported a case of bilateral fractures.
Kakel et al. describes six patients with seven fractures.

patients experienced associated fractures of the
upper extremities, skull, or spine. Only one patient
experienced an associated injury of the lower
extremity—an ipsilateral cortical buckle fracture of the
lateral distal femoral metaphysis.4 All patients were
treated with above-knee cast immobilization for 3
weeks to 4 weeks and went on to achieve satisfactory
fracture healing at approximately 1-year post-injury.
However, duration of casting was only reported in
two studies.21,22 No patients developed a leg-length
discrepancy, recurvatum deformity, or a transient or
persistent valgus deformity. All studies qualitatively
reported satisfactory patient function at final follow-up,
although patient function was not assessed.

DISCUSSION
One of the more common trampoline-related fractures
is of the proximal tibial metaphysis, termed “trampoline
fracture.”2,5 Pediatric fractures of the proximal tibial
metaphysis are of particular risk of spontaneous
progression to valgus deformity despite adequate
reduction, coined Cozen’s phenomenon.9 A recently
published retrospective chart review concluded that
14.3% of patients develop a post-traumatic valgus
angulation during follow-up after a fracture of the
proximal tibial metaphysis, and that 54.5% of these
fractures that show a medial gap go on to develop a
valgus deformity > 4 degrees.7 Other studies report
the rate of developing valgus deformity at 50.0%
to 90.0% following a fracture of the proximal tibial
metaphysis.8,17 Therefore, it is important to understand
the presentation and progression of this specific
fracture type. We found that almost all trampolinerelated fractures of the proximal tibial metaphysis are
transverse, lack significant angulation, and demonstrate
cortical buckling and/or tubercle notch scooping.
Furthermore, this systematic review confirmed the
initial hypothesis, as there have been no reported cases

of trampoline-related fractures of the proximal tibial
metaphysis progressing to valgus deformity.
Trampoline fractures were only identified in younger
children aged 2 years to 6 years old.2-4,21-24 It is plausible
that soft, immature bone predisposes patients to
this type of injury.6 These children typically present
with an inability to weight bear, decreased knee
range of motion, and pain around the proximal tibia,
particularly with knee hyperextension.3,4,25 Interestingly,
initial hyperextension, in addition to axial loading,
may contribute to the characteristic radiographic
appearance of notch scooping and epiphyseal tilting.2,4
In addition, none of the patients experienced associated
fractures of the ipsilateral tibia and all trampoline
fractures were a result of jumping with one or more
other individuals without any direct trauma or fall
from the trampoline. It is important to note that plain
radiography is interpreted as normal in up to 24.0%
of cases; therefore, a thorough history and physical
examination are of critical importance in the diagnosis
of trampoline fractures, because the narrative is
consistent among patients.24
Despite the potential inadequacies of radiography,
trampoline fractures demonstrate consistent
radiographic findings such as a transverse fracture
of the metaphysis, minimal angulation and cortical
buckling, and/or tubercle notch scooping. However,
if x-rays appear normal but clinical suspicion remains
high, immobilization with above-knee casting is
prudent until radiographs are repeated in 7 days to 10
days. A delayed diagnosis can be made by identifying
the periosteal reaction of an occult fracture.2 In the
included studies, standard radiographs were the
only imaging modality used for diagnosis. However,
magnetic resonance imaging (MRI) and bone
scans have successfully been used to diagnose this
fracture, particularly when osteomyelitis is part of the
differential diagnosis at presentation.26,27 Routine use
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of either modality for children with normal x-rays is
likely resource-prohibitive and is not recommended.
Ultrasound may also be viable for detection of
radiographically subtle pediatric tibia fractures, however
literature supporting this application is limited.28,29
Overall, the literature does not support the requirement
of advanced imaging for accurate diagnosis, particularly
considering the characteristic radiographic features.
None of the included studies reported progression
to valgus deformity after adequate follow-up, although
it is worth mentioning three studies that were excluded
from our systematic review. In 2019, Yang et al.7
published a retrospective chart review, reporting that
13 of 58 patients (22.4%) with a trampoline-related
fracture of the proximal tibial metaphysis eventually
developed a valgus deformity. However, Yang and
colleagues did not confirm the mechanism of injury
and thus, the study was ineligible for inclusion. Their
definition of “trampoline fracture” significantly deviated
from the classic one used in this paper. The fracture
pattern described by Yang et al.7 included medial
cortical gapping and obvious displacement, which is
more consistent with a direct blow to the tibia or falling
from the trampoline. Another recent study published
in 2019 by Yoo et al.30 confirmed the results of this
systematic review and found that trampoline-related
fractures of the proximal tibial metaphysis did not
progress to valgus deformity or leg-length discrepancy
after a minimum of 1-year follow-up. Despite showing
similar fracture patterns to the classic trampoline
fracture, this study was excluded because the data
was mixed with crush injuries of the tibia. Furthermore,
Burton et al.8 reported that two bounce house injuries
of the proximal tibial metaphysis did not result in
valgus deformity after sufficient follow-up, but the
study was excluded because the mechanism of injury
was not stated.
These findings highlight the importance of consistent
fracture description and documentation of injury
mechanism, particularly when using eponyms. Some
authors use “trampoline fracture” to describe any
pediatric proximal tibial metaphysis fracture resulting
from trampoline use, regardless of radiographic
appearance or history of a direct blow or fall from a
trampoline. Other authors use the eponym to describe
a particular radiographic appearance—transverse,
minimally-displaced fractures, with tubercle notch
scooping and/or anterior epiphyseal tilting—which often
results from “normal” trampoline use in the presence
of heavier individuals.3,4,31 In this second description,
a greater emphasis is placed on fracture morphology,
an important distinction because these injuries may
occur during other activities such as inflatable bouncer
use.24,32,33 Beyond generation of axial loading, the
significance of trampoline use is unclear.6 Accordingly,
we advocate for use of a fracture morphology-focused
definition as used in this review, limiting application
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of the “trampoline fracture” eponym to the specific
fracture morphology mentioned previously. Doing
so also acknowledges that these fractures may
occur on trampolines, inflatable structures, or other
bouncing surfaces. Alternatively, the previously
proposed “Toddler II fracture” description may also be
appropriate.25
The results of this review suggest that immediate
or delayed operations are not required to treat
trampoline fractures. Above-knee cast immobilization
is appropriate to achieve satisfactory outcomes.
Furthermore, contrary to current management
strategies for many proximal tibial fractures, trampoline
fractures are unlikely to require close follow-up after
radiographic evidence of sufficient healing has been
established, as this review suggests a low risk for any
future complications such as angular deformities or leglength discrepancies.34,35 Physicians can be confident
that patients presenting with a classic history for a
trampoline fracture will typically experience satisfactory
outcomes if the following conservative management
algorithm is followed. Above-knee cast immobilization
for 3 weeks to 4 weeks with x-rays at 7 days to 10 days
to confirm fracture (if not initially seen), and repeat
radiographs prior to cast removal. Weight bearing can
then be initiated and the patient can be followed for
approximately 1 year to ensure satisfactory healing.
Furthermore, physicians should promote pediatric
guidelines that recommend restricting trampoline use
to children greater than 6 years of age and to limit use
to only one jumper at a time.36

STUDY LIMITATIONS
This review is limited by the small number of patients
and low quality of evidence, with associated inherent
risks of bias. As a result, the data was unable to
be pooled and a quantitative analysis could not
be performed to assess for the impact of potential
confounding variables such as age and sex. The second
limitation of this study is that half of the included
papers did not explicitly report the duration of followup. The studies in question stated that no angulation
developed after an adequate follow-up period. So,
although unlikely, it is impossible to exclude progression
into valgus deformity following study completion.

CONCLUSION
Trampoline fractures most commonly occur in
patients 2 years to 6 years of age and are typically the
result of two or more individuals using a trampoline
simultaneously. Fractures are transverse, non-displaced,
without medial gapping and can be identified by
tubercle notch scooping and/or anterior tilting of
the epiphyseal plate. Diagnosis can be made without
advanced imaging techniques. To date, there has
been no documented case of progression into valgus
deformity or leg-length discrepancy in patients with
characteristic trampoline fractures.
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